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Asteroid Redirect Mission Concept Alignment Strategy
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ARRM Mission Concept Overview
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ARRM Unique Challenges

 Multi Center Team

— Many more organizations than normal (JPL, JSC, GRC, KSC, LaRC,
GSFC, Contractor)

— Much more fully integrated into the team (the PSE team has substantial
core roles performed by people at other NASA centers)

 Technology Demonstration on a Large Scale
— High power arrays and thrusters with commercial possibilities
— Asteroid and astronaut proximity operations
« Many New Operational Modes
— Picking up a boulder
— Planetary defense
— Exploration robotic spacecraft docking to a manned spacecraft
« Out of Sync Project Elements
— Late start of spacecraft contractor due to funding constraints
— Human mission does not launch until well after we do



System Engineering Function Tailoring

Functions ARRM Tailoring

Task Management Cloud integrated badgeless roles
Architecting Model allocation of functions to systems
Requirements Link requirements to functions

Analyze & Characterize the Design Timeline link to model constraints

Technical Resource & Perf Management | TBD waiting contractor selection

Interfaces IRD information linked in the model
Verification and Validation Focus on activities and functions
Reviews Lien review cycle

Risk Management Integrated process linked to liens

Manage & Control Req & Design Release synced to model snapshots




MBSE on ARRM

* Need:

Info Management opportunity to support multi-organization, distributed team
of stakeholders

— Exploration of leaner implementation of proven NASA Systems Engineering

(SE) processes

» Leveraged earlier MBSE applications at JPL

Orion EFT-1, Europa Clipper

Institutional process modernization effort (Integrated Model Centric
Engineering, Systems & Software Computer Added Engineering)

* Infrastructure: secure cloud-based environment for modeling, task,
risk & project data management environment

accessible by JPL and NASA team members
collaborative modeling server for System Model

web-based reporting from System Model (View Editor tool) w/ export to
traditional reporting forms (pdfs, doc, csv)

web-based task tracking: SE tasks, MBSE capability development (including
bug tracking)

info management: project portal, doc repository, wikis, chat & IM
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MBSE for ARRM Programmatics Management

 Document metadata definition for use in document cover page
generation and for tracking document ownership, approval & release
state information

* Project metadata definition for use of personnel role descriptions &
assignments

 Status of, including release schedule reporting with regards to project
milestones and, access to latest in-work & approved documentation

ARRM Project Dashiboaro

Project Management

Project Document List % Project Personnel
i%i’- Organizational Breakdown Structure (OBS) IE Nomenclature and Glossary

E Project Schedule Project Presentation Elements Library
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Personnel Metadata Definition

« Standardized process for definition of personnel, center affiliation & roles assignments

Remaoval of personnel from |
the project is also handled in I

Organizational Breakdown Structure (OBS)
« Tool & automation of personnel metadata via Lightweight Directory Access Protocol (LDAP)

this manner.

Role Creation and Deletion Workflow

Includes role information
on role assignment,
center affiliation, tooling

1 — ", access, etc. .
Prospected pe I's g = =
submits formal request for adding Output
an individual to the project as a Roll Assignment Information )
project per I, granting tooling
access.
Mo V Yes, role assignment process initiated.
_—— = = = = (o o — -~
' Personnel granted access? \ 4
l Personnel added to appropriate
I LDAP groups by ARRM CME.
| This is rare, but may
I happen on occasion.
I ¥
¥ —_ ARRM System Model syncronizes
Per | Access Request with LDAP.
Not Granted i
! v

- e e = = = =

J ARRM Team references original
—= formal request to make
| appropriate role assignment
relationship within System Model.
ARRM Team is notified of
any changes, provoking V
the need for a Changes are pushed to View
poleessonment Editor and reflected across the
project in any product that

referenced the newly assigned
v role.
|

)

Role Creation and Deletion Workflow
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)
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«EA. Project Management®
<1B. Business Office®
~[1C.Safetyand M ...rance ®
» [~1D. Project System®

~ =~ E. Flight System®

[ F. Mission System®

7 G. Launch System
\F7Z. Excluded Non-ARRM @

«E1D.01 Project Sy ...ering®
+1D.02 Phase Lead ... FSE)®
»[1D.03 IM/CMB

»[1D.04 MBSEB

= [+ D.05 Requirements @
~D.06 EEIS®

£ D.07 Software®

4 D.08 V&VE

= £ Configuration M ... ineer@
= ] MBSE Lead®

= %] Requirements Lead

= §] EEIS Lead®

= ] Project Softwar ... ineer
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~ [1J. Smith
~ [3J. Smith

= [=1J. Smith
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MBSE for ARRM Technical Architecture

Development

Functional Requirements Validation: development & validation of technical
requirements that map to activities & functions in mission operational concept as
performed by mission systems

Mission Operational System Decomposition
Concept Definition & Characterization
«activity» fll(fatz> ____ o «component» B e ......"i,...., e
Function X System Z , ! ) i i
N~ «satisfy» «satisfy» -~ ——
~ ”

~ £

«requirement»

Requirement Y

Id = "12345"
Text = "System Z shall perform Function X with performance of value M."

«stereotypen

Functional Requirements ™= o
Development & Validation
H—\

«stereotypen «stereotypen g
arrm.MissionObjectives arrm.Requirement | (ARRM ontology) |3
[Class] [Class] R
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Mission Phases Versus Project Systems

Launch Cruise Asteroid Human
Phase Phase Phase Phase

Flight System

Spacecraft

EP String

CAPM

Mission System

Launch System



Mission Operational Concept Definition

4 : Asteroid Operations
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A 4.13: Sita A | (~30 days)
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th h p > | B> th
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I | 7 :Human Operations. /
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! - .
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S |
| | —_—— e . — — = — 3 |
A | I T.4 : Normal Crew T.5: Crew 7.6 : Orion Undocking I
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Y | | & : Transfer to ARCM Destination Orbit | |
I ~5
v | (=5 months) |
I 6.1 : Earth Approach and LGA 6.2 : Endgame Transfer to ARCM Orbit
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| I
|
|
|
I
|
-

| 8 : Transfer to Final Stable Orbit
| 8.1 : Transfer to 8.2 : Long-Term 8.3 : End-of-Mission
| 1: Launch and Critical Deployments Stable DRO Stable DRO Ops Decommissioning P
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Mission Operational Concept Decomposition

mission decomposition: phases (--> sub-phases) --> activities --> functions

[ Men-Critical De ployments and Checkuutsy

solar armys deployed & in 3-axis
’ stabilized communications

.!fw Flight Syilam

[ Maintain Flight System Power and Thermal Status on Sclar Nrayy

.' { «warrm_Function» h

== Generate Power =
T th
A
§ - «arrm.Functions
g - = > Distribute Power h —
h E- Flanned checko E
F and deploymen i v B
é complete; Spacet ﬁ =arrm.Functions
ready for SEP th -|= Eal Control Spmml‘thttmmrl.l —
£\ J
S| [ «arrm.Functions N
o -)-Hﬂnldnﬂpmt‘l'hmdmm -
- y,
" «arrm.Function» N
== |~ Store Power -
th
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Requirements Development

ustereotype»
SysML-metamodel:Component.Requirement (SysML ontology)

[Component]

wstereotype»

mission:Requirement (IMCE ontology)
[Component]
«stereotype» wstereotype»
arrm.MissionObjectives arrm.Requirement  /ARRM ontology)
[Class] [Class]

characterization for quantitative
and/or qualitative analysis

«arrm.Requirement»

#Requirement

7\

wanalysis:characterizes»

«wanalysis:Characterization»
Requirement Core Characterization

Measurable Property : String

Rationale : String

Comments : String

Authored by : String

Owned By : String

Source Reference : String

Describes Existing Capability : Boolean
Verification Description : String

Verified by Analysis : Boolean

Verified by Demonstration : Boolean
Verified by Inspection : Boolean
Verified by Test : Boolean

Verified by Children : Boolean
Requires ARCM Notification : Boolean
Operability : Boolean

Current Approval State : Approval State = PROPOSED
Reviewer Comments : String
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Functional Requirements Validation

* Functional Requirements Validation through relationships:

— requirements are derived from higher-level requirements, which trace to
mission objectives

— quality of requirements analyzed through populated content for attributes
In characterizations

— identified mission functions, from the OpsCon, that satisfy requirements
— functions are allocated to appropriate performing systems
— requirements are allocated to lower level system(s) for elaboration

18



Old Mission System Development Approach

Revisiting these steps:
The suggested
approach is to have the
Activity Plan as PART of
the Timeline (lower
level decomposition of

4 )
Activity e Prepared by Activity

> Leads, from the the timeline), rather

Plan Mission Plan than being separate

e Prepared by the Sequencing
> Sequences | Team, some automation
from Activity Plan
4 )
e Created

from
;> Commands | qorences

automated
\_ J

e Prepared by the

Timeline Mission Planner

\- J

o5 T ——————— — —

B —————
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ARRM Mission System Development Approach

e Prepared by Phase leads in Activity Dictionary is
F ti | Fl Magic Draw seeded from MD
unctiona ow e Use a list of Functions and Functions and
Di ram Activities created by . .l . .
agrams Shephords (Phase Leads, Activities, is stored in
FS and MS Leads) MSS, and feeds into the
. J Timeline Analysis

D I d * Prepared by Mission Planning Team,
etalle includes resource usage. Timeline

T| meline W/ presented at different levels of

abstraction and evolves through the

RESOU rce Usage mission lifetime, using a Mission

Planning Tool
- /

Note that this is the / \
proposed approach for e Prepared by the
development, not operations Sequencing Team,
(the latter is TBD, although Sequences direct conversion
the Activity Dictionary and from detailed
. . : Timeline
Timelines will be preserved)
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Interactions with Mission System Tools

. Activities, Functions, and L3 MS Requirements
Trajectory Data from ) ) . ..
. . Functional Flow Diagrams validated by Mission
Mission Design Tools ) :
from Magic Draw plan from Magic Draw

A

E Database Back-End on Server (MMS)
) Timeline Analysis Tools (MSlice) |

é 1 Prose/ Documentation
ch Timeline Visualization created in View Editor
< (Raven)

(a

= v \ 4 v

" MISSION PLAN combines information

*g from MD (reqs, functional flow diagrams),

kS Timeline Analysis, and prose into a

& | | document in View Editor

. l v
Sequencing Activity Dictionary
Flight Rules




Information Flow

/ Magic Draw \

Phase Specific functions
and activities created by
Phase Leads

Cross-cutting functions/
activities created by Carl
Steiner (FS), Nagin Cox
(MOS)

Functional Flows laid out
by the Phase Leads
(Phase level) and
Mission Planner
(interfaces, mission level,
and repeating/ cross-
cutting across L2
Systems)

\_ /

New
activity
properties
pulled
back from
MMS?

Activities
created in
MD,
stored in
MSS

MMS

New
activity
properties
stored
back into
MMS?

Activities
pulled
from
MMS into
tool

/TBD Mission PIanning\

Timeline Analysis Tool

Uses activities created in
MD to populate Activity
Dictionary

Adds properties (e.g.
duration, power levels...)
to the activities in order to
be able to perform
Timeline Analysis

N\ /
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Document Management

* Project documentation is defined & managed in same MBSE-
based environment as technical content

— employs DocGen plugin in web-based
View Editor environment

— deployed a centralized project
document list

— doc titles (and other doc metadata)
sections, tables, and diagrams are just
another set of elements in larger
System Model

— both technical & programmatic content
Is integrated into documentation, which
is generated and tracked in real-time

+ BB ARRM
+ B Model Generated Content
» B MBSE Framework
» BB Project Management
» BB Requirements Management
» @ Training Guides
» B® Working Documents
+ B Project Documents
» BB A Project Management
» Im B. Business Office
» BB C. Safety and Mission Assurance
» B8 D. Project Systems Engineering
» @B E. Flight System Engineering
» BB F Mission System
» BB G. Launch System
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Document Management

« documents linked to project
milestones, phases & release
schedule

e« autonomous, uniform
formatting of deliverables

 repository of applicable &
reference documents

« formal document release
process

JPL Released

Document Document Document
OBS Name ID # PDF Link Preparer(s)
D. Project ARR E JPL Oleg Sindiy
Systems Sround D-

Engineering ntorface

warrm.Rolexs
Approver Role 2

«arrm.Roles
Approver Role 1

warrm.Roles
Owner Role

| sarrm.owns» |«arrm.Approves»

I I I
v 4 4

| «arrm.Approvess

warrm.Rolexs
Approver Role 3

I
4

«Documents
Project Deliverable

Footer = "Footer here™

JPL Version = "Model Version @ release here”
Header = "Header here”

Docushare Link = "Link to released PDF here”
Work State = "Document State Here”

JPL Document ID = "Document ID here”

Baseline Date : String

Cover Date : String D
Document Description : String fines D
Draft Date : String Draft Dat
Preliminary Date : String

Release Diate : Sting=

Weork Status : Sting=

Change Log: Sting=

L) - ]
e e e «ﬂaly_ms._chaictilzeio -
Document List
Document Document Preliminary
Owner(s) Approver(s) Draft Date Date Baseline Date
End-to-End Project Systems KDP-B - KDP-B - System Design
Information Engineer 2016-07-15 2016-07-15 Review (SDR) -
Systems 2017-12-01
Engineer
Flight System
Systems
Engineer

Mission System
System
Engineer

| «arrm.Approvess

«analysis:Characterizations
ARRM Document Preparer and Role

+Preparer : project:Person = Project Personnel
+PreparerRole : project:Role = Role 1

«analysis:Characterization»
ARRM Document Contributor and Role

I
I
I
I
|-
| +Contributor : project:Person = Project Personne
' +ContributorRole1 : project:Role = Role 2
| «analysis:Characterizations
| ARRM Document Contributer and Role
t =
+Contributor : project:Person = Project Personne
| +ContributorRole1 : project:Role = Role 3
|
[
Work Cover Release
Status Revision Date Date
Prelim Prelim May Aay 16,
12, 2016
2016
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Benefits

» Centralized project document database with up-to-date linkages to
project personnel, schedule, and technical content

 Modeled document linkages & usage propagate in real-time - create
linkages between documents and other modeled elements,
including requirements, personnel & project schedule elements

* Project-wide content reusability & synchronization;
e.g., reuse of a single mission description across many documents

» Versatility of presentation formats, while referencing the single-
source-of-truth content
e.g., same requirement(s) can be presented in a table, diagram, or
paragraph

* Project-wide nomenclature definition - common repository of
acronyms, abbreviations, units & glossary terms
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ARRM Lessons Learned

* Functional decomposition provided many benefits
— Early validation of requirements
— Visibility for the phase leads to perform cross system analysis
— More efficient process for mission planning

« MBSE scaling to a large user base creates many new problems

— So far only observed on Europa and ARRM (to my knowledge), the
scalability of using MBSE tools like MagicDraw to more than about 10
users creates significant model configuration control issues

— The ARRM SE team dealt with this by limiting access directly to the core
MBSE tool (MagicDraw) to a small subset of system engineers and
providing editing to the rest of the team through a more controlled web
based interface (View Editor)

« Accommodating external partners is difficult but manageable

— Many JPL tools have significant impediments for bringing on external
users (liscesing fees, firewall access, proprietary data control)

— Cloud based use of flexible commercial software (Atlassian) mitigated
these issues substantially
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ARRM Lessons Learned

* Important to balance clear ownership and broad cognizance

— Ultimate process resulted in an efficient limited signature set with a highly
visible process of identifying and logging concerns

« Clarity between “work to” and “in work” documents is important

— Both the “work to” and “in work™ documents were accessibly and clearly
identified through the project dashboard

— MBSE enabled easy collaboration on current “in work™ documents

— "Work to” documents still clearly defined in a conventional released
document file structure

» Cross referencing capability was extremely useful

— Allowed use of common information elements (like the mission
description) across multiple documents

— Allowed generation of tailored released subcontract requirements quickly
» Did not fully synchronize releases

— Decision made for expediency in release process

— Resulting inconsistencies were small, manageable, and less than the past
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Future (Power Propulsion Bus)

Phase 1 Plan

Establishing deep-space leadership and preparing for Deep Space Transport development

Deep Space Gateway Buildup
Clii - g
Europa Clipper EM-2 EM-3 EM-4 m—
2018 - 2025 2026 Gateway

SLIBlock 1 SLS Block 1B Cargo SLS Block 18 SLS Block 18 SLS Block 1B SLS Block 18 elements can
Crew: 0 Crew: 4 Crew: 4 Crew: 4 Crew: 4 support multiple
CMP Capability: 8-9T | CMP Capability: 10mT | CMP Capability: 10mT | CPL Capability: 10mT U.S. and
‘ international
partner objectives
in Phase 1 and

- . | beyond

Habitation Logistics Airlock

Europa 1 : ; { Known Parameters:

cli ;
(su:;::;a + Gateway to architecture

approval) aokw | supports Phase 2 and

Power/Prop beyond activities
S 5 ) s Bus ; 13 International and U.S.

= maa taketa i [ - oo commercial development
Distant Retrograde Multi-TLI Lunar Near Rectilinear Halo NRHO, w/ ability to NRHO, w/ ability to of elements and systems

Orbit (DRO) Jupiter Direct Free Return Orbit (NRHO) translate to/from translate to/from .
26-40 days 8-21 days 16-26 days other cislunar orbits other cislunar orbits Gateway will translate
@) e

@ 7 26-42 days 26-42 days uncrewed between
B = A

e &’\ . e & ‘ cislunar orbits

@' =" @ : Ability to support science

objectives in cislunar
I L space
Gateway (blue) I Open Opportunities:
« Order of logistics flights

Cor!flgt{ratlon '. and logistics providers
(OI‘IOI‘I in grey) I Use of logistics modules
Cislunar

e for available volume
Support Flight Support Flight Ability to support lunar
surface missions 10
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